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Abstract

Petroleum hydrocarbon releases from storage facilities represent a major environmental risk, 
particularly under harsh operating conditions where corrosion can compromise asset integrity. This 
study presents an integrated framework combining hazard analysis and Risk-Based Inspection 
(RBI) to improve the environmental safety of petroleum storage tanks. The methodology was 
applied to the SP1/RTI storage terminal operated by SONATRACH-TRC in In Amenas, Algeria, 
which comprises ten atmospheric storage tanks with a documented operational incident history. 
First, a systematic hazard study conducted by INERIS identified and ranked the hazardous 
phenomena associated with storage operations, providing an objective basis for equipment 
prioritization. Based on the resulting risk ranking, Tank A12 was selected as the most critical asset, 
and a routine visual inspection confirmed degradation mechanisms consistent with the identified 
hazards. Subsequently, an RBI assessment was performed using complementary non-destructive 
testing techniques, including Magnetic Flux Leakage (MFL) and Ultrasonic Testing (UT). The 
inspection revealed severe corrosion damage that substantially reduced the remaining service life 
of the tank and increased the likelihood of hydrocarbon leakage with potentially significant 
environmental consequences. Based on these findings, corrective maintenance was implemented 
in accordance with API 653 requirements, restoring the tank to safe operating conditions. The 
proposed framework demonstrates that integrating systematic hazard analysis with RBI enables 
objective asset prioritization, improves inspection planning, and supports proactive integrity 
management. This approach provides a practical strategy for reducing environmental risks and 
enhancing the long-term safety and reliability of petroleum storage facilities operating under 
severe environmental conditions.

Keywords: Storage tank, Environmental protection, Corrosion, RBI, Hazard analysis.
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Nomenclature
Main Acronyms
SONATRACH

REX
RBI
MFL
FMECA
API
PoF
CoF

National Company for Research, Production, Transport, Transformation, and 
Marketing of Hydrocarbons
Experience-based Feedback 
Risk-based Inspection 
Magnetic Flux Leakage 
Failure modes, effects, and criticality analysis 
American Petroleum Institute 
Probability of Failure 
Consequence of Failure

1. Introduction
Environmental contamination by petroleum hydrocarbons represents a major global concern due 
to their extensive use in transportation, industrial activities, and energy production. In addition to 
routine operations, accidental releases during exploration, extraction, storage, and transportation 
pose significant threats to ecosystems and human health. These incidents can lead to severe 
environmental degradation, affecting soil, water resources, and biotic components of ecosystems 
[1]. Within the process industry, ensuring the integrity and reliability of equipment is essential for 
maintaining continuous and safe operations. Maintenance and inspection activities play a crucial 
role in mitigating the risks associated with equipment degradation caused by operational 
conditions, environmental exposure, and aging. Various maintenance strategies have been 
developed in the literature, particularly in the downstream oil sector, where approaches based on 
equipment criticality, such as Analytical Hierarchy Process (AHP), Failure Modes, Effects, and 
Criticality Analysis (FMECA), and standards provided by the American Petroleum Institute (API), 
are widely applied to optimize maintenance planning and resource allocation [2][3].

Hydrocarbon storage systems constitute a critical component of oil and gas infrastructure, 
ensuring operational flexibility and supply continuity across the production, transportation, and 
distribution chain. These systems typically involve the temporary storage of fluids in tanks or 
pressure vessels, where processes such as phase separation, removal of impurities, and quality 
control are conducted before transportation or refining [4][5]. However, during storage, tank 
materials, primarily metallic structures, are continuously exposed to aggressive internal and 
external environments, making them particularly susceptible to corrosion and other degradation 
mechanisms [6].

Corrosion remains one of the most significant challenges affecting the integrity of storage 
facilities, accounting for a substantial proportion of failures reported in the oil and gas industry. 
Its occurrence can lead to material loss, structural weakening, and, ultimately, loss of containment 
[7][8]. Such failures may result in hazardous events, including leaks of flammable or toxic 
substances, fires, and environmental pollution. Consequently, corrosion not only compromises 
operational safety but also generates considerable economic losses and environmental liabilities 
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[9]. A comprehensive understanding of damage mechanisms is therefore essential for ensuring 
mechanical integrity [10]. These mechanisms, which include corrosion, cracking, and thermal 
degradation, depend on multiple factors such as material properties, process conditions, and 
environmental influences. Identifying and assessing these mechanisms enables the development 
of effective inspection strategies aimed at early detection and prevention of critical failures [10][11]. 
In this context, industry standards such as API 510, API 570, API 653, API RP 579, and API 
580/581 provide structured frameworks for inspection, fitness-for-service evaluation, and risk-
based inspection (RBI) [12][13].

Risk-Based Inspection has emerged as a powerful methodology for prioritizing inspection 
and maintenance activities based on the likelihood and consequences of failure. By integrating risk 
assessment with inspection planning, RBI allows for more efficient allocation of resources while 
maintaining high safety and reliability standards [14]. Despite its widespread adoption, conventional 
inspection approaches often remain limited by their static nature and insufficient consideration of 
dynamic degradation processes, particularly in aging infrastructure.

Indeed, a significant number of hydrocarbon storage tanks currently in operation have 
exceeded their initial design life, yet they continue to function under varying operational and 
environmental conditions. Aging infrastructure is increasingly prone to complex and interacting 
damage mechanisms, which may not be adequately captured by traditional inspection and 
maintenance frameworks [15][16]. This highlights the need for advanced methodologies capable of 
improving the accuracy of degradation assessment and supporting more reliable decision-making.

In this context, the present study aims to address these limitations by proposing an 
enhanced methodological framework for the assessment and inspection of hydrocarbon storage 
tanks. The proposed approach seeks to improve the identification and evaluation of critical 
degradation mechanisms while optimizing inspection planning to enhance safety, reliability, and 
environmental protection.

The remainder of the paper is organized as follows: Section 2 presents the proposed 
methodology. Section 3 describes the system under investigation and details the application of the 
approach. Section 4 discusses the results and highlights the advantages and limitations of the 
method, including its application using Magnetic Flux Leakage (MFL) inspection. Finally, Section 
5 concludes the study.
1.1. Statement of novelty
With the rapid development of the petroleum and chemical industry, storage tanks play an 
increasing role in the storage of crude oil. However, these large-scale crude oil tanks have a high 
potential risk. Once the leakage of a large-scale crude oil tank happens, it not only causes serious 
environmental pollution, but also, in some cases, causes fire and even casualties.

The novelty of this study lies in the structured integration of a Hazard Study previously 
conducted on an operating petroleum facility (SP1/RTI, SONATRACH-TRC, In-Amenas Algeria) 
by INERIS (Report DRA-09-90194-00344A, January 2009), with a Risk-Based Inspection (RBI) 
framework applied within a real industrial case. This integration demonstrates how hazard study 
outputs can serve as direct inputs to RBI methodologies, thereby strengthening both the scientific 
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rigor and the operational relevance of inspection programs in the oil and gas sector. Importantly 
this work goes beyond a theoretical application: the RBI driven inspection of Tank A12 confirmed 
severe corrosion damage which led to its effective rehabilitation by SONATRACH. This real 
industrial outcome validates the entire integrated framework and closes the loop between hazard 
identification, risk assessment, and actionable integrity management decision-making. Overall, 
this study demonstrates the complete cycle from hazard prioritization through RBI application, to 
confirmed field intervention, within the specific operational and environmental context of the 
Algerian oil and gas industry.
1.2. Statement of industrial relevance
This study has significant industrial relevance, particularly for the oil and gas sector, where storage 
tank failures represent a major source of environmental and safety risks. Managing corrosion 
integrity for tanks is a challenging and costly endeavor. In order to inspect tank floors, the tank’s 
hydrocarbons are usually emptied from the tank, causing the tank to be out-of-service for an 
extended period of time. This process increases the monetary costs and significantly safety risk. 
Currently, internal inspection is widely used by the petroleum and chemical industry for the 
management of crude oil tanks. However, the Internal Inspection Method often results in two 
disadvantages for tank management.

On the one hand, due to the high-capacity of crude oil tanks, it is expensive and time-
consuming to clear and inspect the tanks, which can influence the normal production of the oil 
depot. If the tanks without severe corrosion defects are opened to inspect, this process increases 
the monetary costs and significantly safety risk. On the other hand, if the tanks with high risk are 
not timely inspected and repaired, it will bring potential safety hazards, and crude oil leakage may 
happen.

RBI is an effective approach that supports informed decision-making and resource allocation. 
In this context, economic optimization achieved through RBI allows for reducing overall 
inspection costs and financial loss for business interruption while ensuring asset integrity and 
safety, as well as promoting environmental preservation through the mitigation of leak risks and 
the prevention of hydrocarbon releases.
2. Methodology
First, a Hazard Study was carried out at the SP1/RTI facility in In Amenas, identifying the 
hazardous phenomena associated with storage operations. The site comprises ten tanks (A1, A2, 
A4, A5, A7, A8, A9, A10, A11, A12), which share an identical structure and design. A routine 
visual inspection of the tanks revealed signs of degradation directly linked to the hazardous 
phenomena previously characterized by the EDD. Tank A12 was consequently designated as a 
priority asset. Then a Risk-Based Inspection (RBI) study was conducted on Tank A12, ensuring 
methodological consistency between the hazard identification phase and the inspection plan. A 
quantitative inspection was carried out using two complementary techniques: Magnetic Flux 
Leakage (MFL) testing validated by ultrasonic testing (UT) measurements. The RBI study results 
identified corrosion as the dominant degradation mechanism, significantly reducing the tank's 
service life and increasing the probability of leakage.
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Finally, a corrective action plan was developed, and the tank was repaired in accordance with 
API 653 requirements.
A properly implemented RBI program categorizes individual pieces of equipment by their risks 
and prioritizes inspection efforts based on this categorization[17].

This methodology is based on risk assessment and management of loss of containment in 
pressurized systems due to material deterioration of equipment within processing facilities. These 
risks are primarily managed through targeted equipment inspection, as shown in Figure 1.

Figure 1. Management of risk using RBI [18]

Risk-Based Inspection is a dynamic, Systematic tool for prioritizing inspection according to the 
potential risk associated with specific equipment. RBI systematically evaluated both the 
probability of failure and the associated consequences of failure. The Risk-Based Inspection 
method is a strategic approach designed to optimize industrial inspections by identifying critical 
elements from safety and cost perspectives. By defining critical equipment and developing precise 
inspection plans [19].

This methodology enables:
• Reducing risks by enhancing the safety of personnel, facilities, and the environment,
• Maximizing the lifespan of equipment,
• Minimizing costly downtime of facilities

The implementation of an RBI methodology is a voluntary approach that enables the adaptation of 
procedures (frequency, type, and scope of controls) according to assessed risks (likelihood and 
consequences of failure). This methodology requires:

• Considering all relevant degradation mechanisms,
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• Involvement of a multidisciplinary team bringing together the necessary expertise,
• Adherence to one of the following standards: EEMUA 159, API 580, API 581.

The following flowchart, as shown in Figure 2, primarily describes the positioning of risk analysis 
in the RBI selected method flow process.

Figure 2. Risk analysis process and RBI approach [20].
The principles of RBI methodology:
• It formalises a consent approach
• It considers the Consequences and Likelihood of failure
• Identifies the highest-risk equipment
• Quantifies the risk
• Reflects the risk in the written scheme of examination

Risk-Based Inspection (RBI) analysis identifies critical facility components such as pressure 
vessels and piping, to focus inspection efforts where risks are highest. It requires a qualitative or 
quantitative assessment for each equipment item. Data related to equipment/components, 
operating conditions, damage mechanisms, inspection history, and more information will be 
collected. After the data is obtained, calculations will be carried out related to the probability of 
failure (PoF) and the consequences of failure (CoF). Figure 3 shows a simplified block diagram of 
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the RBI process presented in API 580 (2016a). Determination of storage tank criticality based on 
the combination of the likelihood of a failure due to degradation and the consequence on the 
environment, health, and safety varies according to the part of the tank concerned. The analysis of 
the criticality is carried out for each of the three sections of the tank concerned (bottom, shell, 
roof). The overall criticality of the tank is the maximum criticality of each of the three sections; 
develop an inspection plan after calculating the next inspection interval according to the criticality, 
the confidence factor, and the residual life [21].

Figure 3. Block diagram of the RBI approach in API 580 [22].
3. Application
3.1. Description of the studied system (petroleum storage tank A12)
The A12 Tank, the focus of our study, is installed at the OH1/OT1 terminal of the SP1 station, in 
In-Amenas Figure 4. Designed in accordance with API 650 standards, it has a capacity of about 
18000 m3 and is used for atmospheric pressure crude oil storage at the production unit see Figure 
5.
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Figure 4. Ground plan of the OH1/OT1 terminal.
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Figure 5. Oil storage tank A12.
The materials used in tanks are generally carbon steel, stainless steel, or composite materials, 
which can be employed to store certain chemicals. The choice of steel is determined based on the 
specific constraints of each component. The mechanical properties of the steel to be considered 
are defined in construction codes or, if unavailable, in repair codes. The principal characteristics 
of the Tank A12 are illustrated in Table 1.

Table 1. Characteristics of the tank.
 Site  SP1/RTI In Amenas
Identification   A12
Tank type  Atmospheric- Floating roof
Code used API 650
Repair code API 653
Year of construction 1961
Nominal Capacity 18000 m3

Type of Fluid Stored Crude
Nominal diameter (m) 45
Nominal height (m) 13
Operating temperature Ambient
Operating Pressure ATM
Material of construction A283 Gr C
Plate nominal thickness (mm) 8
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Number of Bottom Plates 163
Site  SP1/RTI In Amenas

In the present case study, leakage was identified as the primary failure mode, resulting from the 
corrosion of the tank. We selected an average annual leak frequency of 10-4y-1, which is typical for 
storage tanks operating at atmospheric pressure. The leak is considered a potential initiating event 
capable of engendering a severe incident as a “pool fire.” The critical consequences include 
multiple fatalities, severe environmental pollution, and loss of containment, leading to industrial 
production interruption. Applying the risk matrix framework, the leak corresponds to a probability 
level P2 (Unlikely) and a severity level G4 (Catastrophic), characterized by several deaths, 
pollution exceeding acceptable limits for a prolonged duration, significant property damage, and 
complete shutdown of production. According to the risk acceptance criteria, this combination of 
probability and severity places the event in the "Unacceptable" risk category. This means that the 
risk posed by the leak and its potential consequences cannot be tolerated without the immediate 
implementation of effective risk mitigation measures. Table 2 presents the risk matrix for tank 
A12, adopted from SONTRACH, which maps quantitative (PoF) and (CoF) values to 
corresponding qualitative risk categories (Unacceptable, Tolerable, and Acceptable).

Table 2. Risk matrix adopted from SONTRACH

CoF (Consequence of failure)

Severity 

Personal Environm
ent

Public Production/
Property

P1
Rare

<10-4 yr-1

P2
Unlikely

(10-4 -10-2) yr-

1

P3
Likely

(10-2-10-1) yr-1

P4
Very likely

1 yr-1

G1
Minor

Minor 
injuries

Minor No 
incidence

No damage, 
No down 
time

Acceptable Acceptable Acceptable Tolerable

G2
Moderate

Significant
injuries

Internal 
pollution
Controlle
d

Minor
Injuries

Minor 
damage and 
short 
production 
downtime

Acceptable Tolerable Tolerable Unacceptable

G3
Severe 
(major)

Permanent 
disability 
or 1 death

Uncontrol
led 
internal 
pollution

Significa
nt  
Injuries

Localized 
damage
and partial 
unit
shutdown

Tolerable Tolerable Tolerable Unacceptable

Se
ve

ri
ty

 le
ve

ls

G4
Catastroph

ic

Several 
deaths

Pollution 
out 
of limits 
of 
long 
duration

Deaths Significant 
damage 
and total 
shutdown 
of 
production

Tolerable Unacceptable

A12
Unacceptable Unacceptable

3.2. Visual inspection
To assess the technical condition of storage tanks a visual routine inspection at the crude oil unit 
was conducted .This inspection method assesses equipment condition through visual examination 
for surface corrosion and metal corrosion [26]. In most cases, this preliminary inspection detects 
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only major defects visible to the naked eye [27-29], conducted in accordance with API 653 
guidelines, the visual inspection covered 100% of the surface area and revealed that corrosion was 
a recurrent issue, manifesting in various forms and variable sizes across multiple plates, as shown 
in Figure 6 (a-c). Based on these observations, equipment’s age and inspection history, the unit’s 
technical team identified Tank A12 as critical asset

                                                          a)

                                                          b)

  c)

Figure 6. Visual inspection (a) Corrosion in the form of scratches (b) Through 
wall pitting corrosion (c) Corrosion at Weld joint – non compliant patch

Key observations included:
• A significant number of pits (localized corrosion) of varying depths were visible on multiple 

bottom plates.
• A considerable number of perforations due to internal corrosion (localized on sun exposed 

sides) were visible on several plates as well as on weld seams.
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• Several patch plates, the shape of which does not meet API 653 requirements, were observed.
The 860 defects quantified during the inspection as indicated in Table 3. are distributed as follows:
• The presence of 434 pitting defects (212 light + 222 severe) of varying depths is the direct 

signature of active localized corrosion,
• The localization of 209 through perforations on sun-exposed faces
• The presence of 142 defects specifically localized on welded joints
The defects are:

Table 3. Identification of type of defects.
Light Severe Through Welding joint Other defects
212 222 209 142 75

The analysis revealed that severe corrosion constitutes the most dominant failure mode, accounting 
for 26% of cases. Both light and through wall corrosion indicate a rate of 25% respectively. Weld 
joint corrosion constitutes 16% of the total damage, which is particularly critical given the role of 
weld integrity in ensuring the tank’s structural resilience. Other types of corrosion account only 
for 9% see Figure 7.

Figure 7. Distribution of defects.
For further analysis, some rows with thickness losses exceeding 81 (%) were selected as shown 
in Table 4. Moreover, Table 5 summarizes the most significant defects identified in each row.

Table 4. Identification of rows.
R RÉ

F
P Measure

d 
thickness

Positio
n X 
(cm)

Positio
n Y 
(cm)

Thicknes
s at 

defect 

Defect 
locatio

n

Loss of 
thicknes

s

Loss of 
thickness

(%)

24.7%

25.9%24.4%

16.2%

8.8% Light

Severe

Through

Welding joint

Other defects
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(mm) level 
(mm)

(mm)

R3 BL P18 9,17 64 18 1,68 T 7,49 81,69
R4 BL P24 8,60 51 15 1,34 B 7,26 84,41
R5 BL P30 8,726 611 38 1,53 T 7,20 82,47
R8 BL P50 9,00 403 23 1,7 T 7,3 81,11
R15 BL P10

2
8,98 448 93 1.65 B  7,10 81,15

R16 BL P11
3

9,40 704 62 1,38 B 7,49 84,44

R18 BL P12
4

8,80 32 46 1,57 B 7,23 82,16

The distribution of defect types across these rows is presented in Figure 8 (a-f).

a) b)

c) d)

e) f)
Figure 8 (a-f). 
Distribution of 
defects across 

the rows.
Table 5. The most 

significant defect 
type in each row.

Row Light Severe Through Welding joint Others Total
R5 18 17 2 12 1 50
R4 15 17 12 13 3 60
R16 19 24 12 8 9 72
R15 7 4 16 3 8 38
R18 14 5 13 15 1 48
R3 9 9 10 7 2 37
R8 4 6 3 5 1 19

The most significant defect types across the rows are illustrated in Figure 9.

R5

R4

R16

R3R18

R15

R8

0

40

80

Light corrosion

R5

R4

R1
6

R3R1
8

R1
5

R8

0

40

80

Welding joint

R5

R4

R16

R3R18

R15

R8

0

40

80

Through corrossion

R5

R4

R16

R3R18

R15

R8

0

40

80

Others defects

R5

R4

R16

R3R18

R15

R8

0

40

80

Severe corrosion

R5

R4

R1
6

R3R1
8

R1
5

R8

-10

20

50

80
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Figure 9. Distribution of the most significant defect type in the rows.
Using the Vilfredo Pareto principle, an additional analysis was conducted to identify the rows 
with the most significant defects, see Table 6.

Table 6. Classification of types of defects by the PARETO principle.
Row Corrosion type Total defects % % Cumulus
R16 S 24 23% 23%
R4 L 18 17% 41%
R5 S 17 17% 57%
R18 L 16 16% 73%
R3 TH 14 14% 86%
R15 TH 10 10% 96%
R8 L 4 4% 100%

The extent of corrosion along the rows is illustrated in Figure 10. The latter shows the distribution 
of corrosion defects on the tank’s bottom plates, revealing that 80% of defects are classified as 
severe, light, and concentrated in five critical rows (R16, R4, R5, R18, and R3).

0

10

20

30

40

50

60

70

R5 R4 R16 R15 R18 R3 R8

Light Severe Through Welding joint Others

23%

41%

57%

73%
86%

96% 100%

S L S L TH TH L

R16 R4 R5 R18 R3 R15 R8

Chart Title
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Figure 10. Pareto diagram.
3.3.Inspection Methods
Material degradation often results from environmental factors that promote internal corrosion, 
such as climatic conditions and the nature of the stored fluid. It is commonly assumed that leaks 
are an early warning sign of major failure, which often focuses attention on areas of wall thinning. 
However, critical failures can occur without any prior leak detection. Therefore, it is essential to 
employ advanced inspection techniques and specialized equipment capable of detecting early signs 
of degradation, major failure risks, and corrosion forms responsible for leaks. For fast detection of 
the corrosion, the crude oil unit used two complementary techniques magnetic flux leakage (MFL) 
and ultrasonic testing (UT) measurements [23], [24], [25].
3.4.Magnetic flux leakage (MFL)
Magnetic flux leakage is an advanced electromagnetic non-destructive testing technique used to 
inspect ferromagnetic metal plates of storage tanks for corrosion detection. This effective 
preventive method ensures optimal structural and environmental safety.
The MFL method uses a powerful magnet to magnetize the conductive material under test. If any 
discontinuity exists in the material, like corrosion or material loss, the magnetic field “leaks” from 
the material. MFL probes incorporate a magnetic detector placed between the poles of the magnet, 
where it can detect the leakage field. The magnetic field induced in the material (plate) saturates 
it until it can no longer hold any more magnetic flux. The magnetic flux overflows and leaks out 
of the plate, and strategically placed sensors can accurately measure the three-dimensional vector 
of the leakage field. Flux Leakage is a qualitative, not quantitative inspection tool. It is very good 
at detecting magnetic anomalies and covering the very large floor areas of tanks very quickly. It is 
not, however capable of the accurate quantification of the signals as regards the remaining wall 
thickness. The amplitude of the signals is a function of the volume loss of material rather than a 
measure of the thickness loss. Accept/ reject criteria based on only amplitude of the signal can lead 
to significant defects going undetected. Figure 11 illustrates the basic principle of the MFL 
method.

Figure 11. Magnetic Flux Leakage (MFL)
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4. Ultrasonics (UT)
Ultrasonic testing is a non-destructive testing method based on the transmission, reflection, and 
absorption of an ultrasonic wave propagating through the part being inspected, enabling the 
detection of defects both within the material's volume and on its surface.
Figure 12 illustrates a simple UT set-up using the pulse-echo principle and a twin crystal probe. In 
this configuration one crystal acts as transmitter and the other as the receiver. The transmitter is 
isolated from the receiving circuits so that the A-scan display is freed from the presence of a 
transmission signal. As a result, the transmission pulse does not obscure the first back wall echo 
when testing relatively thin areas of plate or pipe. We shall see that simple digital thickness meters 
without an A-scan facility are not suitable for either detection or measurement of pitting.

Figure 12. Manual Ultrasonics testing (UT)
an amplitude-depth response curve was established in accordance with the requirements of ASTM 
E570 §8 and API 653.According to API 653, the minimum allowable thickness of the tank bottom 
must not fall below 2.5 mm. This threshold applies specifically to all critical defects areas where 
metal loss exceeds 60% of the nominal thickness of bottom tank. This value represents the 
structural integrity threshold below which the bottom plate can no longer guarantee resistance to 
operational loads and corrosion degradation. Any critical thickness loss exceeding 60% was 
validated by conventional ultrasonic testing (UT) any measured wall thickness loss exceeding 60% 
was checked by ultrasonic testing (UT) GE DM5E thickness Gauge
5. Results and discussion
In the present study, the nominal thickness of the bottom plates was 8 mm. The defect assessment 
conducted during this inspection revealed that, among the 163 plates examined, 99 plates (61%) 
exhibit thickness values approaching the limit of 2.5 mm, and 38 plates (23%) present remaining 
thickness below the required threshold. Only 26 plates (16%) remain at an acceptable thickness.
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Consequently, a significant number of plates will require corrective actions, including 
repair or full replacement in accordance with API 653, to ensure safety and prevent further 
deterioration that could compromise the structural integrity of the tank.

Given the large number of measurements (163), thickness measurements at the indications 
identified by MFL inspection are provided only for some of them, to highlight specific findings. 
The selected values are presented in Table 7.

Table 7. MFL measurements

R RÉF P
Measured 
thickness

(mm)

Position 
X (cm)

Position 
Y (cm)

Measured 
Thickness 

at the 
defect 

level (mm)

Defect 
location

Loss
(mm)

Loss
(%)

R1 BL P3 9,02 151 224 1,72 T 7,30 80,93
R1 BL P8 8,37 48 51 2,13 T 6,24 74,54

323 20 2,17 T 6,82 75,85R2 BL P13 8,99
456 95 2,37 T 6,62 73,63

R2 BL P14 9,65 220 47 2,10 T 7,55 78,23
R2 BL P15 8,58 244 124 2,30 B 6,28 73,19
R3 BL P18 9,17 64 18 1,68 T 7,49 81,69

688 85 2,34 T 6,53 73,62
700 128 1.64 T 7,23 81,51R3 BL P19 8,87
704 62 1,38 B 7,49 84,44

R4 BL P23 9,19 308 38 2,2 T 5,79 74,41
51 15 1,34 B 726 84,41
266 25 1,55 T 7,05 81,97R4 BL P24 8,60
162 47 1,51 T 7,09 82,43
121 136 2,46 T 6,54 72,67R5 BL P28 9,00
288 63 1,64 T 7,36 81,78
23 81 2,26 T 6,47 74,10
611 38 1,53 T 7,20 82,47
444 55 2,32 T 6,41 73,41

R5 BL P30 8,72

551 44 1,96 T 6,77 77,54
R6 BL P39 8,77 52 47 1,91 T 6,91 78,35
R7 BL P37 8,87 322 43 1,89 T 6,98 78,69

20 49 1,86 T 6,81 78,35
26 77 2,16 T 6,51 75,09R7 BL P41 8,67
103 128 1,83 T 6,84 78,89
232 24 1,79 T 7,46 80,64
235 69 2,4 T 6,85 74,04
29 113 1,97 T 7,05 78,15
120 51 2,23 T 6,52 74,51

R7 BL P43 9,245

161 81 1,99 T 6,76 77,26
198 45 1,82 T 6,93 79,20R7 BL P45 8,75
658 34 1,78 T 6,97 79,66

R7 BL P46 8,96 242 27 2,24 B 6,72 75,00
684 79 1,95 T 7,45 79,26R8 BL P48 9,4
564 62 1,82 T 7,58 80,64
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665 14 2,45 T 6,56 72,81
631 47 2,02 T 6,99 77,58R8 BL P49 9,01
24 38 2,08 T 6,93 76,91

R8 BL P50 9,00 403 23 1,7 T 7,3 81,11
476 141 1,71 T 7,65 81,74R8 BL P52 9,36
465 115 2,21 T 7,15 76,40
520 79 2,2 T 7,39 77,05R9 BL P57 9,59
533 90 2,7 T 6,89 71,84

T (TOP), B (BOTTOM), R (ROW), P (PLATE).
Taking into account the results of the MFL inspections, it is evident that a thickness loss exceeding 
of 60% of the measured thickness occurs over a significant range of the bottom surface. Moreover, 
a large number of defects are installed on the bottom of Tank A12, putting it in a critical situation. 
The scanning examination of the bottom plates using the (MFL) technique is presented in Figure 
13 (a-b).

 
(a) (b)

Figure 13. A12 tank floor MFL scan
Figure 14 presents the heatmaps of some critical bottom plates (P28, P30, P46, and P52) selected 
for analysis, revealing the spatial distribution of defect intensity. The color scale represents 
normalized MFL signal amplitude (0–100%). With dimensions given in centimeters, the lower 
panels show the reconstructed scanned-track outlines. Plates 30 and 46 recorded the highest 
severity, with a maximum signal of 100% the upper limit of the calibrated acquisition range (5–
350 mV). Plates 28 and 52 recorded a maximum signal of 86.7%, but each contains distinct white 
zones within the scanned surface, indicating points where the signal exceeded the acquisition 
range, resulting in signal saturation and loss of quantifiable data. The saturated (white) zones 
identified on Plates 28 and 52 were treated as high-priority zones requiring direct UT thickness 
verification, rather than being interpreted quantitatively from the MFL amplitude alone consistent 
with best practice reported in the literature. These saturated zones (Plates 28 and 52) are therefore 
treated as high-priority areas requiring direct UT verification.
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5.1. Scanned Track Outlines

Shows the physical path actually covered by the sensor on the plate (black bands = areas effectively 
swept by the sensor passes). The white areas here confirm that these are zones not covered by the 
scan.

Figure 14. MFL signal intensity recorded on bottom plates.

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Table 8 presents the results of thickness measurements at the locations of indications detected by
MFL inspection.

Table 8. UT measurements.

Row P P1 P2 P3 P4 P5 MAX MIN

P1 8.86 8.45 8.62 / / 8.86 8.45

P2 8.7 8.6 8.54 / / 8.7 8.54

P3 8.33 8.28 3.79 / / 8.33 3.79

P4 8.8 8.31 8.58 / / 8.8 8.31

P5 8.26 8.72 4.49 / / 8.72 4.49

P6 8.39 3.27 8.26 / / 8.39 3.27

P7 3.67 8.2 8.83 / / 8.83 3.67

P8 7.76 4.34 5 / / 7.76 4.34

P9 5.58 7.52 4.98 / / 7.52 4.98

P10 4.24 4.48 0 / / 4.28 0

  R1

P11 2.51 8.48 6.97 / / 8.48 2.51

P12 8.17 8.28 8.37 8.5 8.55 8.55 8.17

P13 3.28 7.38 3.65 7.71 7.78 7.78 3.28

P14 4.42 8.23 7.23 6.28 7.84 8.23 4.42

R2

P15 7.71 7.6 4.29 0 0 7.71 0

P16 8.47 8.53 8.85 8.24 8.32 8.85 8.24

P17 7.8 8.08 8.48 8.31 8.09 8.48 7.8

P18 8.32 8 2.47 4.8 7.32 8.32 2.47

P19 2.69 7.22 0 6.08 5.04 7.22 0

R3

P20 7.72 3.47 0 8.01 7.26 8.01 0

P21 8.06 8.4 8.53 8.32 8.41 8.53 8.06

P22 2.98 3.06 3.84 1.85 7.34 7.34 1.85

P23 6.54 4.46 3.82 0 4.23 6.54 0

P24 4.48 4.2 0 0 0 4.48 0

R4

P25 5.68 6.26 0 0 0 6.26 0

P26 7.3 7.45 6.63 7.62 2.06 7.45 2.06
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P27 8.72 8.61 7.99 8.75 8.44 8.75 7.99

P28 6.17 8.6 5.8 6.02 4.83 8.6 4.83

P29 7.62 2.06 7.3 7.45 6.63 7.62 2.06

P30 8.23 8.06 0 2.75 6.47 8.23 0

P31 7.81 0 2.9 3.03 7.32 7.81 0

R5

P32 0 0 3.09 6.72 7.43 7.43 0

P33 8.6 8.64 8.33 8.65 8.55 8.65 8.33

P34 8.52 8.6 8.64 8.36 8.61 8.64 8.36

P35 8.29 8.72 4.72 8.8 8.41 8.8 4.72

P36 6.78 8.43 3.48 5.22 6.26 8.43 3.48

P37 7.95 0 7.41 3.3 0 7.95 0

P38 4.48 0 3.21 7.42 0 7.42 0

R6

P39 5.99 6.33 6.45 6.32 7.21 7.21 5.99

P40 2.39 8.55 4.93 8.49 8.3 8.55 2.39

P41 6.87 7.42 2.28 4.64 6.06 7.42 2.28

P42 7.16 7.67 4.58 2.72 7.39 7.67 2.72

P43 7.48 7.69 3.4 7.23 8.6 8.6 3.4

P44 7.33 4.74 2.25 3.38 0 7.33 0

P45 8.06 4.01 7.74 8.51 1.94 8.51 1.94

R7

P46 7.49 7.20 6.36 7.03 5.04 7.49 5.04

P47 8.7 8.75 8.61 8.45 8.21 8.75 8.21

P48 8.72 7.56 7.39 7.46 2.97 8.72 2.97

P49 8.51 3.77 8.5 4.05 2.66 8.51 2.66

P50 8.07 3.49 2.04 5.51 3.51 8.07 2.04

P51 7.5 4.49 2.63 6.78 7.01 7.5 2.63

P52 0 0 3.48 7.26 6.7 7.26 0

R8

P53 8 7.74 4.5 7.31 7.19 8 4.5

R9 P59 4.48 4.39 2.78 6.21 7.46 7.46 2.78

For comparison purposes, we selected the MFL and UT thickness measurements of four plates
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as illustrated in Table 9 and Table 10 shows Deviation range classification and interpretation.
Table 9. Comparison between MFL et UT measurements

MFL
Thickne

ss

UT
Thickness

UT
Thickne

ss

Deviation 
|𝑻𝑼𝑻 ― 𝑻𝑴𝑭𝑳|

Ro
w

Plat
e

(Max) (Min) 

Relative deviation 
(%)

|𝑻𝑼𝑻 ― 𝑻𝑴𝑭𝑳|
𝑻𝑼𝑻

∗ 𝟏𝟎𝟎

R5 P28 6,54 8,6 4,83 1,71 35%
R6 P39 6,91 7,21 5,99 0,92 15%
R7 P46 6,72 7,49 5,05 1,67 33%
R8 P49 6,56 8,51 2,66 3,9 147%

Table 10. Deviation range classification and interpretation.
Deviation 
range

Interpretation

< 10% Good agreement
10% - 20% Moderate agreement
> 20% Significant deviation

MFL not sufficiently accurate quantitatively

A comparison of measurement results for plates P28, P39, P46, and P49 selected using both 
methods reveal significant differences between the residual thicknesses estimated via MFL and 
UT measurements. It can be seen that on average, the MFL system overestimates the defect depth, 
whereas the ultrasonic method underestimates. Since UT provides a direct, localized measurement 
of remaining thickness, it is considered more reliable for the quantitative assessment of metal loss. 
Consequently, MFL can be adopted as a technique for detecting and mapping corroded areas over 
large surfaces, whereas UT serves as the reference method for validating defect depths and 
determining actual residual thickness at critical points. Based on the discrepancies observed 
between the two methods, the UT results were selected for decision-making and the rehabilitation 
of the bottom Tank A12, as illustrated by the actual repair work shown in Figure 15 (a-f)

a) b)
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c) d)

e) f)
Figure 15 (a-f). Repair of the 

bottom Tank A12
6. Conclusion

The corrosion 
identified on Tank A12 is 
localized and affects both the 
inner and outer surfaces of 
the bottom plates. On the 
external surface, corrosion 
is typically electrochemical in nature, initiated by the surrounding soil acting as an electrolyte. Soil 
corrosivity is governed by several factors, including PH, resistivity, moisture content, and the 
presence of chloride, sulfide, and sulfate ions, dissolved oxygen, bacterial activity, and stray 
currents. On the internal surface, corrosion generally originates from water that accumulates at the 
tank bottom. This settled water can contain highly corrosive agents such as bacteria, dissolved 
CO₂, salts, chloride ions, and oxygen, particularly where the protective coating is absent, degraded, 
or was improperly applied all of which accelerate the corrosion process.

API 653, 2020 edition, in section 4.4.5, stipulates that the minimum thickness required at 
the next inspection or verification must not fall below the threshold of 2.5 mm (remaining 
thickness). This 2.5 mm threshold applies to all critical defects found that exceed 60% metal loss 
relative to the nominal thickness of the bottom plates.
The defect measurements taken during the present inspection are close to or exceed the minimum 
required threshold as indicated in the tables above, representing 61% (99 plates). 38 plates (23%) 
present remaining thickness below the required threshold. Only 26 plates (16%) remain at an 
acceptable thickness.

The distribution of corrosion defects along the rows illustrates that 80% of defects are 
classified as severe, light, and concentrated in five critical rows R16, R4, R5, R18, and R3.
The analysis confirms that the corrosion of the tank remains severe despite inspections and routine 
visits the tank is therefore classified within the unacceptable risk zone.
Following this assessment, and in accordance with API 653 requirements, the company developed 
a repair plan was developed, and the rehabilitation of the tank bottom was subsequently carried 
out.
6.1. Recommendations
The implementation of measures is becoming increasingly important as the impact of corrosion on 
safety and the environment takes on more challenging roles. A heightened awareness to the 
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environmental impact of the use and subsequent discharge of industrial chemicals becomes 
necessary.
Environmental considerations could have beneficial effects on energy supply by increasing 
awareness of the environmental impact of energy use and, therefore, encouraging voluntary energy 
efficiency and the use of cleaner technologies. There are numerous methods to combat corrosion, 
among these methods we can cite:
• Passive prevention remains the best solution to avoid corrosion in metal installations. The most 

common way to prevent a metal from corroding or to delay its corrosion is to apply an 
impermeable coating on its surface. Unfortunately, most coatings are not perfect barriers 
against corrosion and therefore do not fully protect metals due to defects or the diffusion of 
oxygen and water through them. For all these reasons, it is necessary to use other methods of 
metal protection such the application of production chemicals - for example, corrosion 
inhibitors, scale inhibitors, biocides and demulsifies - is now essential to the successful 
operation of most oil and gas fields, but with these there is the risk of their subsequent entry 
into the surrounding environment as corrosion inhibitors, anodic protection, and cathodic 
protection.

• Choosing the appropriate materials for the manufacturing of storage tanks is an important 
factor in the economic success of oil and gas activities.

• Carry out in-depth investigations into the circumstances of the deterioration, placing particular 
emphasis on the high corrosion rate to eliminate the source of deterioration and monitoring of 
bacterial activity.
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